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Component Reliability Analysis
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UgUUB9 Reliability

a1 R(t) Ao Anuuastluiidiulsenau (component) eldaulanaiainian t

R(t) = Pr(T = ¢)

1089 T ABNaNNaIUUsSENaULEENIY WAy t A9 AN IYgau

0<R()<1

Unreliability A F(t) =1—R(t)
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UgUUB9 Reliability
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f(t) = probability density function (pdf) / failure density function
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Mean Time to Failure (MTTF)

Mean-Time-To-Failure (MTTF) fia S28238171A1ANT30431 component axide

N 1 N
MTTF = — ) t = E(t)
N {5

N — sample size in a life test,
t. — time to failure of i unit.

MTTF = E(t) = j t-£(t) dt MTTF = » t; Pr(t;)
0 1=
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Reliability Plot

R(t) 4
1>
\ﬁ\_ >
time
A
Fo | .
/
F(t) = Pr(T < t) //
//
L= >
time

t

R(t) = 1 - F(t)
dF() _

F) = | (o) dt and ~ f{t o
OI dt ) R() = [ ft) dt

t
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MTTF and Reliability

aunsafigailadn [MTTF = j R(t) dt| lae tli%ni t-R(t) = 0
0
t
NG R(H) = 1 - j f(u) du F(t) = 1 - R(t)

0

dF(t)  d[1 - R(1)] dR(t) L
ft) = = = - = CR@ | + [R@dt

dt dt dt MTTF

o0 0
MTTF = u = E@t) = jt-ft dt ”
v = EO : © MTTF = [R()dt
0
" dR@)
MTTFZ-IL-Td’[ judVZUV—deu
0 u R —

dv

mMsnsziaudeiieldussdiulsznau (Component Reliability Analysis) GRVGNGINIERLVITGGITER



msUszdiuanulasasouuuldnnuinazludesiu (Introduction to Probabilistic Safety Assessment) 7

Mean Residual Life (MRL)

Mean Residual Life (MRL) @8 ©a1#1A1931 component 3zdalylaagnaulde

(00)

MRL = - xf(x)dx

f(x) = pdf «— Conditional density function
x = time-to-failure
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Failure Rate

failure rate Ao ¥RS1ANUELTNY FNAB conditional probability 84 failure
FEMINYINIAN t, hae t, laedl component eliiidenieniian t,

Pr(T < [T > t,) = 0
1

Failure rate =
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Hazard Rate

hazard rate A® failure rate ‘171I At 111na 0 (instantaneous failure rate)

b(t,) = lim R(t;) - R(t; + At) L
At 0 R(t,) At

hey) = tim, R(t) - R(t, +AY) 1
At R(t,)
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Reliability, Failure Rate, and Hazard Rate

&, R(t) = 1 — F(t) and F(t) = j f(t) dt
drR(t)  dF(Y) dF(t)

= -2 and —2 = f()
dt dt dt

RO _ _
” ()

dR(t) N L f(t) x i

MO = T Ro R(1)

f
h(t) = %
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Reliability, Failure Rate, and Hazard Rate

ALRa8Yas failure rate D@ T A
T

|
L= Oj h(t) dt

- ~d{InRO} x —

R 1
R(t) dt
h(t)dt = —-d {InR(t)}

h(t) = -

t - [h(x) dx
InR(t) = - [h(x) dx R(t) =¢°

0
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Bathtub Curve

Bathtub curve Laasliues hazard rate lugsnanlunisigaues
d1uusznau laguuseanidy 3 d1u

A
Region-1 Region-2 Region-3
1 burn-in chance/random wear-out
failure failure

h(t)| failure

>

t—
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Constant Hazard Rate

Hazard rate (1) as?l h(t) = A

- [h(x) dx - [ndx - dx
0

R(t) = e’ = e = e

et f(t)=h(t) - R(t)=A e M Fafie Exponential Distribution

A
A A
1
1 A ] f
h(t) R(t) f(t)
’ t g 0 t ~ ° t;

TolunsanmudenienavuLuUy random
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Increasing or Decreasing Failure Rate

ARY1YU failure rate WNNTULUUAI (linearly increasing)

h(t)=pBt (P 1s some constant )

- Ith(u) du - th11 du -B jtu du -lBtz
R(t) = e’ = ¢’ =¢ = ¢ ?
15 1,
_Bt- _ _Bt-

f(t) = R(t) - h(t) =¢ 2 x Bt = PBte >

A
1 p 1 1
h(t) Bt R(t) f( /\
0 > 0 > 0 >

t— t- t-
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Exponential Distribution

Exponential distribution sd1gd115un1slunanulds e Ninuluy
random lailaduagiunisidauiisiuin (no memory)

3 3 -ht 1
MTTF = E(t) = [t-fiyde = [t-1 e™dt = — hours
0 0

1

h(t) = A = ———=
® MTTF

f(t) = re™
R(t) = ™

1
MTTF = —
A
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Weibull Distribution

Weibull distribution WUNE@INSUNISIUAAANULFSAILNLNATVUNU
component ylu7EslUaLNa WU 1AnINNIIAANTEU (corrosion)

-1 ()P
- 2 )

» & p-1 AL ) 0P *
R() = [f6)do = | Biﬁ S
_(L)B o = scale parameter
R(t) = ¢ B = shape parameter
P -1 _(é)ﬁ
f(t) B P e B(tjﬁ 1
h 5 = — — —_—
VTre T T T MGl
c
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Weibull Distribution

Casel- =1 T

h(t) , = 1

>

0 t -

Casell-3>1 CaseIll- B<1

A

1 1
h(t) h(®)
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> >
>

0 t - 0 t -
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Gamma Distribution

Gamma distribution 1WN1EdIMTUNTIUAAAIULESMETAATURUY K
independent failures lneusag failure AATULUU Poisson Distribution

t

a-14B where o, B, t>0

1
W= T !

o = shape parameter, and 3 = scale parameter

) 5
(B) © g !

RO = Y ht) =

bl
o-1 B

o1 & WJulauduiudy

MTTF = of
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Binomial Distribution

Binomial distribution WUNE@IUSUNISIUARIIUIUANULFILALAATVUNU
component $1uU N d1autnagiduiiudas component agldemafe p

Prx < M) = 2

0123 o o o N X
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Normal Distribution

Normal distribution MU E11SUNISLULAAANULESWENLAATUAU

component N4 stress GRM

(1)

1 2
- t-
1 e 20%( ”t)

) = ————
= 1

time

Normal Distribution

where -0 <t<o, -co<p <o, c>>0
f(t) 1

= Q
N

u, = MTTF

1 2672 ( t'”)
R(t) = ——— | e 2% dt=¢|z=
® Gtmtj ¢ -

Standard Normal Distribution
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Lognormal Distribution

Lognormal distribution isngdmiunisluinaninuid@emeninainmgnisain
71 UAgULUAIUS LAWY WU Al UNSTOU L

2.0

1
f(t) =
(t) ctt«/ﬁe

1, = mean of log of t's 1
1 =mean of t's I
0.5p
0'8.0 0‘.5 ll.O 1;.5 2.0 2‘.5 3.0
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Chi-squared Distribution

Chi-squared distribution 1UNZE1MSUNITIULAAANULFYRIULUUNAGDU
hypothesis #139N13A1U84 confidence interval

()
N_, 0.5
2

O D = W N =

t
=
f(t) = eN 0.41
— (N
272 F(—) 0.31

0.2t

N 1s the degrees of freedom
0.1

nMslAseauleiiolivesdiuUsenau (Component Reliability Analysis) GRVGNGINIERLVITGGITER




msUszdiuanulasasouuuldnnuinazludesiu (Introduction to Probabilistic Safety Assessment) 23

ANUAUNUSSZIN9 Distributions

Moderate Directly
) ) sample size ) transformable )
Binomial > Poisson < > (Gamma Weibull
/ 1
=
5
5
&
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Normal Exponential
l
Lognormal
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Likelihood Functions wiiafuies Failure

Type of Observation | Likelihood Function Example Description
Exact Lifetimes L;(0|t;) = f(t;|0) Failure time is known
Right Censored L;(0|t;) = R(t;|0) Component survived to time ¢;
Left Censored L;(0|t;) = F(t;]10) Component failed before time ¢;
Interval Censored L;(6]t) = F(t®|6) — F(t'|#) | Component failed between
t! and tH
Left Truncated f(t;10) Component failed at time t; where
Li(6]t) = R(t,|6 observations are truncated before ¢t
L16) L-
Right Truncated f(¢16) Component failed at time t; where
L;(0lt;) = ,
F(ty|6) observations are truncated after t;;.
Interval Truncated f(t;16) Component failed at time t; where
L6lt) =77 bservati truncated before ¢
s10) — F(t,16) observations are truncated before t;
and after t;.
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Mean Time Between Failure (MTBF)

mmumuﬂimawmmamamLLszmiﬂ Mean Time Betvveen Failure (MTBF)
A 3‘”8%@1Laaa'ﬁvmmmavmwmamLaamammu

01 T, ADITELIANTENINANUELINYUAREATY

MIBF = —— (t,=t,andt >t)
n
Example:
T, T, T, T,
| Pttt
T,=80, T, = 70, T, = 60, T, = 40 T,= 300
T
3
MTBF = % 75 hours
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Mean Time To Repair (MTTR)

W T; ApszaznaiglungouuguLmas AT

Tl T T, T,
——1— >
t=0 t,
>
t
>
MTBF = = (fort, = t,andt, > t,
n
n-1
2. T
MTTR = = (fort, = t,) = Repair Rate = !
n-1 ©o MTTR
n Tl
MTTR = = (for t, > tn) u(t) = Instantaneous Repair Rate
n
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audnaziduiiazldeuls (Availability)

1% d = MTTR fA® average downtime #39 Szuzhiaadungiulsenauly
lulalnsannisyauey

Il = MTBF f® average uptime szazianadenaiulsznaulyla

=l

average availability = a = ——=
u+d

+

MTBF
MTBF + MTTR

a, = availability (limiting pointwise) =

Q

a, ~ a

_ d

q = unavailability =

d

+

u
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duUsznaungouusula (Repairable)

andutivgiuitnaiiddenisutssuneuiunaldnu wasszuunauunldla
ANYTOUUNGIRIN Y DU

qt) =1 —e™ = M if At << 1

a(t) = 1 — At

q®)

VAT

0KT>\ t’

1 1
q= EKT a=1- EXT (average values)
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duUsznaungouusula (Repairable)

psusnanlEvegeuwasNlvgeuuei i T, Ae nanlivngauLas
AfiunsUingesny wae T, Ae naflylunisdeuua

A
q(t)
1 F--m--- T,

.

<—T—>
Average unavailability §13U%58UNSNAADUAD

fi------

t

: T=T +r1, +fr,
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AegedIulsenaunYeuleuls (Repairable)

A
Example: q(t)

T=T +r +fr,

T

o]

A = 0.0001 hr", T = 1month = 720 hours,
t. = 2hours, f = 0.1, t = 20 hours
T = 720 + 2 + 0.120) = 724

L (00001)720 + 0.1(ﬂj -
2 724 724
= 0.0365 + 0.00272 + 0.00272 = 0.04194

a=1-0.04196 = 0.958

Kol
|
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